The genus Neptunomonas Hedlund et al. 1999 comprises a group of Gram-negative, rod-shaped, oxidase-and catalasepositive, non-fermentative and aerobic marine bacteria with genomic DNA G+C contents of 43.6-48.2 mol% (Hedlund et al., 1999; Miyazaki et al., 2008; Zhang et al., 2010; Lee et al., 2012; Liu et al., 2013) . Phylogenetic analysis based on 16S rRNA gene sequences showed that the genus Neptunomonas falls within the order Oceanospirillales in the class Gammaproteobacteria (Miyazaki et al., 2008; Zhang et al., 2010; Lee et al., 2012; Liu et al., 2013) . The species of the genus Neptunomonas are characterized chemotaxonomically by having C 16 : 0 , C 18 : 1 v7c and summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) as major fatty acids and ubiquinone with eight isoprene units (Q-8) (Miyazaki et al., 2008; Zhang et al., 2010; Lee et al., 2012; Liu et al., 2013) . In this study, we report the taxonomic properties of a novel member of the genus Neptunomonas isolated from marine sediment.
Strain MEBiC06243
T was isolated from tidal flat sediment at Daebu Island in the Yellow Sea, Korea (37 u 169 N 126 u 269 E). A 1 g sample of tidal flat sediment was homogenized, diluted with sterile seawater and spread on marine agar 2216 medium [MA; Becton Dickinson (BD)]. Inoculated plates were incubated at 25 u C for 3 days and individual colonies were isolated from MA on the basis of morphological differences. After primary isolation and purification, strain MEBiC06243
T was cultivated at 25 u C on the same medium for biochemical and physiological characterization and stored at 280 u C in marine broth 2216 (MB; BD) supplemented with 20 % (v/v) glycerol. For phenotypic comparisons, Neptunomonas naphthovorans KACC 15255
T (5NAG-2N-126 T ; Hedlund et al., 1999) , N. japonica DSM 18939 T (5JAMM 0745 T ; Miyazaki et al., 2008) , N. concharum KACC 15543 T (5LHW37 T ; Lee et al., 2012) (2006). Transmission electron micrographs were taken using a LIBRA120 (Carl Zeiss) electron microscope after negative staining of fixed cells using 2 % phosphotungstic acid (PTA; at pH 7.0) reagent and the image obtained showed a rodshaped cell with a polar flagellum (Fig. S2 available in the online Supplementary Material). The DNase test was conducted using commercial medium (DNase test agar; BD). The growth temperature was tested in MB at 12 different temperatures (5, 10, 16, 20, 24, 29, 32, 35, 39, 42, 46 and 50 u C) in a temperature gradient incubator (TVS126MA; Adaventec) for up to 3 days. The tolerance range for NaCl was tested in ZoBell 2216 broth (ZoBell, 1941) prepared with distilled water and supplemented with NaCl (Sigma; 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 8 and 10 %, w/v) . The tolerance range for pH was determined (pH 4, 5, 6, 6.5, 7, 7.5, 8, 8.5, 9 and 10) in MB with the pH adjusted using 10 mM MES (pH 4-6), 10 mM HEPES (pH 6-8) or 10 mM AMPSO (pH 8-10) as biological buffers. The degradation of starch was tested according to the protocol of Smibert & Krieg (1994) . The bacterial suspension used to inoculate API 20E, 20NE, API ZYM and API 50CHB kits (bioMérieux) and a Microlog GN2 system (Biolog) was prepared in a 2 % sea salt (Sigma) solution. The tolerance ranges for NaCl and pH were determined and biochemical characterization was performed at 25 u C for 2 days. To confirm anaerobic growth cells were inoculated into MB in a serum vial capped with an aluminium seal, purged with deoxygenated nitrogen gas until the colour of the indicator (resazurin; final concentration 0.2 mg l 21 ) disappeared and cultivated at 25 u C for 2 days. Detailed results of the biochemical, morphological and physiological tests are given in the species description and Table 1.
For cellular fatty acid analysis, MEBiC06243
T and the reference strains were grown on marine broth 2216 (MB; BD) for 2-3 days depending on growth rate at 25 u C The following characteristics are the same for all strains: motile, flagellated, Gram-reaction negative, positive for activities of catalase, oxidase, alkaline phosphatase, leucine arylamidase and naphthol-AS-BI phosphohydrolase (API ZYM test) and negative for H 2 S production. +, Positive reaction; 2, negative reaction; W, weakly positive reaction. 6.0-9.0 (7) 6.5-8.5 (7.5) 7.0-8.5 (7.5D 6-8 (6.5-7) d 6-10 (7-8) § 6.5-8 (7)|| NaCl (%, w/v) 0-7 (2.5) Hedlund et al. (1999) . DData from Miyazaki et al. (2008) . dData from Zhang et al. (2010) . §Data from Lee et al. (2012) . ||Data from Liu et al. (2013) . Values in parentheses are the optimum.
Neptunomonas acidivorans sp. nov.
(physiologically at late-exponential phase). The cellular fatty acids profile was determined commercially by using the MIDI/Hewlett Packard Microbial Identification System (MIS; Sasser, 1990 ) with Sherlock version 6.2 and the TSBA6 database according to the manufacturer's instructions for standard protocol. The dominant fatty acids were C 10 : 0 3-OH, C 12 : 0 , C 16 : 0 , C 18 : 1 v7c and summed feature 3 (comprising C 15 : 0 2-OH and/or C 16 : 1 v7c) which were in common with those of the reference strains of species of the genus Neptunomonas grown under the same conditions; there were only differences in the respective proportions of major components (Table S1 ).
Polar lipids were extracted using a chloroform/methanol system and separated by two-dimensional TLC using silica gel 60 F 254 aluminium-backed thin-layer plates (Merck) (Minnkin et al. 1984) . The detailed procedure was described by Yang et al. (2013) . After two-dimensional development, components were visualized using the following reagents: all lipids, 10 % (w/v) molybdatophosphoric acid; free amino groups, 0.2 % ninhydrin solution (Consden & Gordon, 1948) ; phosphorus, Zinzadze reagent (Dittmer & Lester, 1964) ; sugar groups, a-naphthol reagent (Jacin & Mishkin, 1965) ; and phosphatidylcholine, Dragendorff's reagent. The predominant polar lipids of the strain MEBiC06243 T were phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), two unidentified lipids, one unidentified aminophospholipid (APL) and three unidentified aminolipids (AL) (Fig. S1) (Fig. S1 ) and these results are quite different from the results previously reported for N. naphthovorans, N. japonica, N. concharum and N. qingdaonensis Liu et al., 2013) . The predominant polar lipids of N. antarctica were, to our knowledge, first reported in the present study.
The major respiratory quinone was determined to be Q-8 by HPLC analysis according to the protocol of Collins (1985) . The DNA G+C content was 41.4 mol%, as determined by HPLC using a symmetry reversed-phase C 18 column (Stackebrandt & Liesack, 1993) .
Extraction of genomic DNA was conducted by using a DNA extraction kit (GeneAll or MoBio) and the 16S rRNA gene was amplified by using the 27F and 1518R bacterial primer set (Giovannoni, 1991) and the detailed procedure and conditions were described by Lee et al. (2013) . The amplified 16S rRNA gene was sequenced using an ABI 3730xl automatic DNA sequencer (ABI) according to the manufacturer's instructions. Obtained sequences were assembled by using Vector NTI ver. 9.1 (Life Technologies) and checked by BLAST pair-wise alignment with EzTaxon-e database (Kim et al., 2012 Phylogenetic analysis based on comparison of almost complete 16S rRNA gene sequences (1353 bp) of the isolated strain and members of the family Oceanospirillaceae was conducted using MEGA ver. 5.2 (Tamura et al., 2011) . The neighbour-joining (Saitou & Nei, 1987 ) tree (Fig. 1) revealed that the isolated strain formed a coherent clade with N. naphthovorans NAG-2N-126 T , which was also recovered in maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1971) trees; however, the relationship was not very strong (bootstrap values were less than 70 %).
The result of the phylogenetic analysis based on 16S rRNA gene sequences indicates that strain MEBiC06243
T is affiliated with the genus Neptunomonas (Fig. 1) and strain MEBiC06243
T shared common features of members of the genus Neptunomonas such as cell morphology [flagellated rod type (Fig. S2)] , accumulation of storage material, nutrition type (chemo-organotrophic) and enzyme activities for oxidase, catalase and phosphatase. Additionally, leucine arylamidase and naphthol-AS-BI phosphohydrolase activities and inability to produce H 2 S were also common to all members of the genus Neptunomonas. However, the novel strain could be differentiated from other members of the genus by an inability to perform nitrate reduction and relatively low DNA G+C content and Na + ion requirement (Table 1) . Additionally, strain MEBiC06243 T could be distinguished from N. naphthovorans by indole production, glucose fermentation, esterase lipase (C8) activity and assimilation of D-mannitol, malic acid and citrate, from N. japonica by DNase activity and assimilation of D-mannitol, malic acid and citrate, from N. antarctica by glucose fermentation, esterase lipase (C8) and acid phosphatase activities, and assimilation of citrate, from N. concharum by DNase activity and assimilation of D-mannitol and citrate, and from N. qingdaonensis by glucose fermentation, esterase lipase (C8) activity and assimilation of D-mannitol and phenylacetic acid (Table 1) . On the basis of the evidence from this polyphasic taxonomic study, we propose that strain MEBiC06243
T represents a novel species of the genus Neptunomonas and propose the name Neptunomonas acidivorans sp. nov.
Emended description of the genus of Neptunomonas Hedlund et al. 1999 emend. Lee et al. 2012 The description of the genus Neptunomonas is based on that given previously by Hedlund et al. (1999) Cells are Gram-reaction-negative, facultatively anaerobic, motile and rod-shaped, 1.2-1.6 mm in length and 0.6-0.8 mm in width. Polar or subpolar flagellum is found. Colonies are beige, circular, convex, opaque and butyrous with entire edges and 0.5-2 mm in diameter on marine agar after 2-3 days of cultivation. Growth was observed at temperatures between 10 and 39 u C (optimum 29 u C), pH values between pH 6 and pH 9 (optimum pH 7) and in the presence of 0-7 % (w/v, optimum 2.5 %) NaCl. 
